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S u m m a r y
T h e p resen t th es is  w o rk  en titled  “ S y n th esis  o f  tran s itio n  m etal co m p lex es  fo r its v arious 
ap p lica tio n s” and  “ K ey in te rm ed ia te  in  a  s tra teg y  fo r iso x azo le  g lu tam a te  ana logues" 
inc ludes th ree  ra th e r in d ep en d en t chap te rs . T h e  idea  has b een  to  gain  m uch  d iverse  
research  ex p e rien c e  in  a t least tw o  d iffe ren t labo ra to ries . T h e  p re se n ta tio n  o f  each  o f  
these  ch ap te rs  has b een  sp ec ific  and  brief. I h av e  a ttem p ted  to su m m arize  the  sa lien t 
fea tu res o f  each  o f  these  below .
C h a p te r  1 en titled  "S y n th esis  and  c h a rac te riza tio n  o f  w a te r  so lu b le  p h o to lu m in escen t Ru 
co m p lex es"  d ea ls  w ith  the  sy n th esis  o f  m e ta l-lig an d  co m p lex es  th a t can  b e  u sed  as 
b io lo g ica l lu m in escen t p ro b es  w ith  sp ec ific  p ro p ertie s . It is d es irab le  to  h av e  th e  ab ility  to 
tu n e  th e  life tim e o f  th e  ex c ited  sta te  a lo n g  w ith  o th e r  d es irab le  a ttr ib u tes  such  a s  h igh  
q u an tu m  y ie ld , w e ll-se p ara ted  w av e len g th s  span , p o la rized  em issio n , s tab ility  in so lu tion , 
and  so lu b ility  in aqu eo u s m ed ia , so th a t o n e  co u ld  ta ilo r  a p a rticu la r  p robe to  a p a rticu la r 
dynam ica l p ro ce ss  in  a b io lo g ica l m acro m o lecu le . In th is s tu d y , w e  rep o rt the sy n th esis  
o f  co m p lex es [X R u (C O )(L -L )(L ’)2]+ [P F 6]' (X  =  T F A ; L -L =  2 ,2 '-b ip y rid y l, 1,10- 
phen an th ro lin e ; (L ‘)2 =  PT A ) tha t h av e  d es ira b le  attribu tes .
C h a p te r  2 en titled  "D esig n  and  sy n th e s is  o f  D N A  base  se lec tiv e  h eav y  m etal co m p lex es"  
d ea ls  w ith  the  sy n th esis  o f  h eav y  m etal co m p lex es  tha t can  se rv e  as sp ec ific  co v a len t 
labei o f  D N A  bases. C u rren t te ch n o lo g ie s  fo r se q u en c in g  D N A  g en e ra te  very  sho rt 
seq u en ces, ab o u t 30  to  150 base  p a irs , an d  la test tech n o lo g y  can  ex ten d  th is to  ab o u t 900 
base  pairs . S eq u en ces o f  frag m en ts  a re  d e te rm in e d  an d  fu rth e r an a ly z ed  b y  seq u en ce  
a lig n m en ts  to  a rr iv e  a t th e  full leng th  seq u en ce . H eavy  m etal co m p lex e s  a re  ca p ab le  o f  
b ase -sp ec ific  labe ling  o f  D N A  an d  they  can  p ro v id e  a too l fo r D N A  seq u en c in g . E lectron  
M ic ro sco p y  (E M ) has the  p o ten tia l to  b rin g  the  read in g  len g th  up  to  105 bases  thus 
a llo w in g  sp ec ific  d e tec tio n  o f  long  rep ea tin g  p a tte rn s  in  a  g en e tic  code. T h is  fac ilita tes 
h ig h -sp eed  se q u en c in g  thus, red u c in g  the  co s t o f  D N A  sequenc ing . T h is  research  
d iscu sses  the  sy n th esis  o f  tr im e ta llic  and  te tram e ta llic  co m p lex es, w ith  b ase-sp ec ific  
co v a len t b in d in g  ab ility , as po ten tia l lab e ls  fo r D N A  seq u en c in g  by  EM .
C h ap te r 3 en title d  "K ey  in te rm ed ia te  in  a s tra teg y  fo r iso x azo le  g lu tam a te  an a lo g u es"  
dea ls w ith  sy n th esis  o f  an a lo g u e s  o f  2 -am in o -3 -(3 -ca rb o x y l-5 -m e th y !-4 - 
iso x azo ly l)p ro p io n ic  ac id  (A C P A ) co n ta in in g  a -h e te ro a to m s. G lu tam ate , w h ich  is the 
m am  ex c ita to ry  n eu ro tran sm itte r  in th e  cen tra l n e rv o u s  sy stem  (C N S ), an d  o th e r  
ex c ita to ry  am in o  ac id s  (E A A s) o p era te  th ro u g h  fou r d iffe ren t c lasses  o f  recep to rs; th ree 
o f  w h ich  are  the h e te ro g en eo u s  io n o tro p ic  E A A  recep to rs  (iG luR s), n am ed  TV-methyl-D- 
asp artic  ac id  (N M D A ), (/?S )-2 -am in o -3 -(3 -h y d ro x y -5 -m e th y liso x azo l- 4 -y l)p ro p io n ic  
ac id  (A M P A ), and  k a in ic  ac id  recep to rs , the  fou rth  b e in g  a h e te ro g en e o u s  c lass  o f  
m e tab o tro p ic  E A A  rec ep to rs  (m G lu R s). It is n ow  g en e ra lly  ag re ed  tha t iG lu R s as w ell as 
m G lu R s p lay  im p o rtan t ro les  in  the  hea lth y  as w ell as in  the  d iseased  C N S  an d  th a t all 
su b ty p es o f  th ese  rec ep to rs  a re  p o te n tia l ta rg e ts  fo r th e rap eu tic  in te rv en tio n  in a n u m b er 
o f  d iseases. T h u s, lig an d s tha t b ind  th ese  rec ep to rs  w ith  a  h ig h  d eg ree  o f  a ff in ity  and 
sp ec ific ity  m ay  se rve as m o le cu la r p ro b es  in to  the  m ech an ism  o f  ac tio n  o f  these  
recep to rs. A d d itio n a lly , the  s tru c tu re  o f  the  lig an d  m ay  fu rth e r be m o d ified  to  en h an ce
b ind ing  a ffin ity , sub type sp ec ific ity , an d  its e fficacy  as an  agon ist. 2 -am in o -3 -(3 - 
ca rb o x y l-5 -m e th y l-4 -iso x azo ly l)p ro p io n ic  ac id  (A C P A ) has b een  iden tified  a s  a 
p ro m isin g  lead  in the search  fo r po ten tia l d rug  can d id a te  d u e  to  its h igh e ff ica cy  and  
specific ity . U tiliz in g  ra tional des ign  and  asy m m etric  syn th esis , w e have m ade  an 
ex p lo ra tio n  in to  the  sy n th esis  o f  an a lo g u e s  o f  A C P A  co n ta in in g  a -h e te ro a to m s. A  novel 
m ethod  fo r C -5  fu n ctio n aliza tio n  o f  iso x azo les  is rep o rted  here.
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Chapter 1
Synthesis and Characterization of W ater Soluble Photoluminescent
Ru-Complexes
Abstract
The series o f  com plexes [X R u(C O )(L-L)(L  )2 ]+ [PFa]" (X =  TFA; L-L= 2 ,2 '-bipyridyl,
1 JO -phenanthroline, L ’ 2  =  2PTA ) have been synthesized from the starting com plex K" 
[R u(C O )3(T FA )3] (TFA =  C F 3C O 2) by first reacting w ith the phosphine ligand, followed 
by reaction w ith the L-L and anion exchange w ith N H 4 PF6 . Both the com plexes were 
characterized in solution by a com bination o f  'H  and 31P N M R and IR. T he purpose o f  
the project w as to synthesize a series o f  w ater soluble com plexes that exhibit a range o f  
excited state lifetim es and that have large Stokes shifts, high quantum  yields and high 
intrinsic em ission polarizations associated w ith their m etal-to-ligand charge-transfer 
(M LCT) em issions. These goals have been realized in that excited state lifetim es in the 
range o f  100 ns to over 250 ns are observed. The m easured quantum  yields and intrinsic 
anisotropies are h igher than for the com m only em ployed R u(bpy)32\  T he relationships 
betw een the observed photophysical properties o f  the com plexes and the nature o f  the 
ligands on the Ru(II) is discussed.
1.1 In t roduc t ion
In d es ig n in g  lu m in escen ce  ex p e rim en ts  o n e  ca n  ch o o se  flu o ro p h o res  tha t h av e  the ir 
ab so rp tio n /ex c ita tio n  an d  em issio n  w av e len g th s  from  300 -700  nm . T h e  d iv e rs ity  o f  
typ ica l f lu o re scen ce  d ec ay  tim es is m u c h  m o re  lim ited , ran g in g  b e tw e en  1-20 ns. T his 
lim its the  u tiliza tio n  o f  lu m in esc en t p ro b es  to  ad d ress  b io lo g ica l issues, a lth o u g h  a lo t o f  
b io ch em ica l research  has b een  done. E x ten d in g  the  tim esc a le s  in to  m id -ran g e , 20 -2 5 0  ns, 
and  fu rth e r in to  lo n g -ran g e , 250 -1 0 ,0 0 0  ns, w ill ex ten d  th e  u tility  o f  lu m in escen ce  as a 
spec tro sco p ic  tool. It is w orth  m en tio n in g  th a t lu m in esc en t p ro b es  w ith  the  lo n g -range  
tim esc a le s  w ill a llow  m e asu rem en t o f  s lo w e r d o m a in -to -d o m ain  m o tio n s in p ro te in s  or 
ro ta tiona l m o tio n s o f  m em b ran e-b o u n d  p ro te in s . T h e  sen s itiv ity  o f  lu m in escen ce  assays 
is lim ited  b y  the  p resen ce  o f  in te rfe rin g  a u to -f lu o resc en c e  tha t o ccu rs  in  the 1-20 ns 
tim escale . A u to -flu o re sce n ce  is in h e ren tly  p resen t in b io lo g ica l sam p les  an d  req u ires  to 
b e  su b trac ted  a s  "b ack g ro u n d ", d ec reas in g  the s ig n a l-to -n o ise  ra tio  d rastica lly . T hus, w ith  
the ad v e n t o f  tech n o lo g ica l ad v an cem en ts , p u lse d -e x c ita tio n  an d  g a ted -d e tec tio n  o f  
f lu o rescen ce  h e lp s  c irc u m v en t th ese  issues. T h u s, d es irab le  p ro p e rtie s  o f  ideal fluo rescen t 
p ro b es w o u ld  b e  in  the w av e len g th  ran g e  (3 0 0 -7 0 0  nm ), h ence  se lec ted  d ec ay  tim escales, 
h ig h  quan tum  y ie ld , p o la rized  em iss io n , s tab ility  in  so lu tio n  an d  so lu b ility  in  aqu eo u s 
system .
M eta l-lig an d  co m p lex es  (M L C ) can  b e  d es ig n ed  a s  lu m in esc en t p ro b es  fo r sp ec ific  
app lica tions. T ran sitio n  m etal lu m in escen t co m p lex e s  c o n ta in in g  o n e  o r m o re  d iim ine  
ligands ty p ica lly  h av e  ex c ite d -s ta te  life  tim es ran g in g  100-600  ns. T h u s, tim e-g ated
d e tec tio n  can  be used  to  su p p ress  in te rfe rin g  au to  f lu o rescen ce  in  b io log ica l sam p les. In 
add ition , h igh ly  p o la rized  em issio n  from  som e o f  th ese  co m p lex es  has s tim u la ted  in te rest 
in using  them  as b io p h y sica l p ro b es  fo r stu d y in g  the d y n am ics  o f  m a cro m o lecu la r 
assem b lies  and  in te rac tions on  m em b ran es  [1-4]. T h e  M L C s b eh a v e  like  a sing le  
ch ro m o p h o ric  un it, and  they  h av e  h ig h  ch em ica l and  p h o to ch em ica l s ta b ilitie s  u n d er 
p h y sio lo g ica l cond itions. A s a  resu lt o f  th ese  fav o rab le  p ro p ertie s , M L C s are  f in d in g  new  
ap p lica tio n s in  b io p h y sica l ch em is try , c lin ica l ch em is try  and  D N A  d ia g n o stic s  [5, 6].
T h e  lu m in escen t b eh a v io r o f  th ese  co m p lex es  a rise s  from  th e  m e ta l-to -lig an d  ch a rg e- 
tran sfe r  (M L C T ) band . T h e  em ission  o f  m eta l-lig an d  co m p lex e s  is d o m in a ted  b y  the 
M L C T  transition . S ince th e  en e rg y  g ap  law  d e te rm in es th e  lu m in escen t p ro p ertie s  o f  
th ese  M -L  co m p lex es, sev era l c r ite r ia  m u st b e  sa tisfied  to  o b se rv e  lu m in escen ce  from  
th e ir  M L C T  sta te  [7-10]. T h e  lig an d  field  m u st b e  stro n g  en o u g h  to ra ise  the  d -d  sta te  
ab o v e  the  M L C T  sta te  [11]. T h is  is the  reaso n  w h y  [F e (L -L )3]“ a re  no t lu m in escen t 
(n o n -rad ia tiv e  decay ), b u t [R u (L -L )3]2̂  show  rad ia tiv e  d ecay  an d  h en c e  u se fu l 
lu m in escen ce  (L -L  =  2 ,2 '-b ip y rid y l, 1 ,1 0 -p h en an th ro lin e  an d  th e ir  d eriva tives). H ow ever, 
the en e rg y  o f  th e  ex c ited  s ta te  is c lo se r  to  th e  g ro u n d  sta te  fo r th e  O s-M L C s. 
C o n seq u en tly , they  ty p ica lly  show  w eak  lu m in escen ce ; the  sm a lle r  e n e rg y  gap  fac ilita tes 
n o n rad ia tiv e  d ec ay  [5]. T h e  lu m in escen ce  o f  th ese  co m p lex es  is p h o sp h o resc en c e  from  
th e  tr ip le t state. B ecau se  o f  the  stro n g  sp in -o rb it co u p lin g , the  in te rsystem  c ro ss in g  from  
th e  in itia lly  ex c ited  s in g le t sta te  is very  e ffic ien t, an d  the  tr ip le t ex c ited  sta te  y ie ld  is c lose  
to  un ity . In add ition , the  d eg re e  o f  s in g le t-tr ip le t m ix in g  d irec tly  a ffec ts  th e  rad ia tiv e  
versus n o n -ra d ia tiv e  d ec ay  ra tes, an d  th u s  a ffec ts  the  life tim e o f  the  resu ltin g  trip le t
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excited state. In particular, increased singlei-triplet m ixing results in shorter triplet 
excited-state lifetim es.
W hen excited w ith polarized light, the em ission from  asym m etric M LCT com plexes is 
also polarized. In general, com plexes w ith non-identical diim ine ligands show  higher 
fundam ental anisotropies than the m ore sym m etrical com plexes. The first such com plex 
reported w as [R u(bpy)2(dcbpy)]>  (dcbpy =  4 .4 '-d icarboxy-2 ,2 '-b ipyridy l). This 
d icarboxy derivative show ed higher fundam ental anisotropies than [R u(bpy)3]~f. 
Introducing electron w ithdraw ing groups on the diim ine ligand resulted in red-shifted 
em ission and an increase in em ission anisotropy, w hich suggests that one ligand is 
accepting an electron preferentially  in the M LCT transition [1, 12-14], The possibility  o f  
im proving the fundam ental anisotropy w ith a single chrom ophoric ligand in m etal-ligand 
com plexes is based on results for Re(I) com plexes (e.g. [Re(4,7-M e2phen)(CO )3(4- 
CO O H Py) (PF6)] [4 ,1 5 ] .
A lim itation o f  m ost m etal-ligand com plexes is low  quantum  yield. H ow ever, the 
electronic effect o f  ligands on the energy gap can be utilized to increase quantum  
efficiency. Previous studies [16] have show n that replacing diim ines w ith  chelating 
phosphine ligands results in increased quantum  yields o f  [O s(phen)(dppene)]24 and 
[O s(phen)2(dppene)]2+ com pared to [O s(phen)3]2" (Q  =  0.518, 0.138 and 0.016 
respectively). T herefore, careful selection o f  m etal and ligands can generate M LCs with 
spectroscopic and physical properties useful for the study o f  specific biological system s 
[5, 9, 17-20]. For exam ple, electrochem ical and electrogenerated chem ilum inescence 
studies o f  [Ru(bpy)2{2-(4-m ethylpyridine-2-yl)benzo[d]-X -azole] (PF6 )2 ] [21]. This study 
focused on the developm ent o f  novel electrogenerated chem ilum inescence devices
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su itab le  fo r the d e tec tio n  o f  d iffe ren t b io lo g ica l an a ly te s  o f  c lin ica l an d  env iro n m en ta l 
in te rest. A lso , L ak o w icz  and  co w o rk ers  h av e  rep o rted  the u se  o f  the lo n g -life tim e  p robe 
[R e(4 ,7-M e2phen)(C O )3(4-C O O H P y)(PF 6)] to  s tudy  overa ll ro ta tiona l m o tio n  in lipid 
v es ic les  and  m icrosecond  d y n am ics o f  ce ll m em b ran es  [2-4]. T h e  lim ita tion  o f  th is  type 
o f  co m p lex  is tha t the  liga tion  a round  the m etal is n o t am en ab le  to  fu rth e r m o d ifica tio n  
b ecau se  the ca rb o n y ls  a re  d ifficu lt to  sub stitu te , m ak in g  it d ifficu lt to  fu rth e r a lte r  the 
ex c ited -s ta te  life tim e.
T o  d ev e lo p  b e tte r  M L C  p ro b es  fo r ap p lica tio n  to sp ec ific  b io log ica l sy stem s, a 
d eep er u n d e rstan d in g  o f  the  p ro b e 's  p h o to p h y sica l p ro p ertie s  is requ ired . Idea lly , one 
w o u ld  like to  d ev e lo p  a se ries o f  co m p lex es  w h ere  the  M L C T  b an d  is red -sh ifted  and  
w ell-sep ara ted  from  the in tra -lig an d  tran s itio n s  and  w h ere  th e  in tensity  o f  the M L C T  
tran sitio n  is s tro n g er than  o b se rv ed  fo r p rev io u sly  rep o rted  R u(II) d iim in e  com p lex es. It 
w o u ld  b e  d es irab le  to  h av e  th e  ab ility  to  tu n e  the  life tim e o f  th e  ex c ited  sta te  so th a t one 
cou ld  ta ilo r a p a rticu la r  p ro b e  to  a  p a r tic u la r  d y n am ica l p ro cess  in  a b io -m acro m o lecu le . 
It w ou ld  a lso  b e  d es irab le  to  h av e  co m p lex es  tha t co n ta in  o n ly  o n e  ch e la tin g  h e tero cy c le , 
b ecau se  th is w o u ld  d ec rease  th e  m o le cu la r  sy m m etry , w h ich  w o u ld  h av e  th e  e ffec t o f  
inc reasing  the  an iso tro p y  o f  th e  lu m in escen ce . C o m b in in g  all o f  th ese  d es ire d  fea tu res 
into the sy n th esis  o f  a lu m in esc en t p ro b e  is a  ch a lle n g in g  task . H o w ev er, by  m ak in g  use 
o f  th e  ea sily -su b stitu ted  ru th en iu m  co m p lex  K +[R u (C O ) 3 (T F A ) 3 ]‘ [23] and  the w ell- 
k n o w n  fac t tha t the  in co rp o ra tio n  o f  Tt-acid ligands [5, 16, 24] in to  co m p lex es  co n ta in in g  
ch e la tin g  n itro g e n  h e te ro cy c les  has the  e ffec t o f  p ro lo n g in g  the ex c ite d -s ta te  life tim e 
[16], w e h av e  d ev e lo p ed  sy n th e tic  p a th w ay s  to co m p lex es  hav ing  m ost, i f  no t a ll, o f  the  
d es ired  p h o to p h y sica l p ro p ertie s . S harm in  et al. [26] h av e  d em o n stra te d  th is  app roach
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and have successfully  designed lipid-conjugable Ruthenium  com plexes such as 
[(T FA )R u(C O )(4,4 'dicarboxybipy)(PPh3)2]+ [PF6]' [26]. The M LCs designed by Sharm in 
et al [26] are insoluble in aqueous system s. H ence, in this study, w e report the synthesis 
o f  com plexes [X R u(C O )(L -L )(L ')2]+ [PF6]‘ (X =  H, TFA , Cl; L-L= 2,2 '-b ipyridyl, 1,10- 
phenanthroline; (L ‘)2 = PTA; (l,3 ,5-triaza-7-phosphatricyclo[3 .3 .1 .13 ,7]decane) that 
address the issue o f  solubility o f  these com plexes in aqueous m edia, w hile using the 
design criteria adopted by Sharm in et al [26], the reported range o f  'M L C T  absorption for 
single chrom ophoric group containing com plex, 1,10 phen and 2 .2 ‘bipyr varies between 
390-500 nm and em ission range for 1,10 phen 580-615 nm and for 2 ,2 ' bipyr varies from 
590-650 nm. The excited state life tim e varies in betw een 110-126 ns for 1,10 phen and 
180-200 ns for 2 ,2 'b ipy . The fundam ental anisotropy value (r0) is reported 0.07 for 1,10 
phen and 0.124 for carboxy bipy containing com plexes. W e have dem onstrated the 
usefulness o f  this approach in designing lum inescent probes w ith specific desirable 
attributes.
1.2 Experimental Procedures
Reactions w ere carried out under a nitrogen atm osphere, but purification  w as carried out 
in air using preparative thin layer chrom atography (10x20 cm plates coated w ith 1mm 
silica gel PF 60254-EM  Science). A ctivated neutral alum ina (size) w as also used to 
purify com pounds by colum n chrom atography. Solvent w ere reagent grade. 
Tetrahydrofuran w as distilled from benzophenone ketyl and m ethylene chloride and 
acetonitrile w ere distilled from  calcium  hydride. R uthenium  carbonyl w as purchased
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from Strem Chemicals. 2,2-bipyridyl, 1,10-phenanthroline,
tetrakis(hydroxymethyl)phophonium chloride, formaldehyde, hexamethylenetetraamine ( 
Aldrich) were used as received. NMR spectra were obtained on a Varian 400 MHz Unity 
Plus or a Varian NMR systems 500 MHz spectrometer. Infrared spectra were obtained on 
a thermo-Nicolet 633 FT-IR spectrometer.
1.3 Synthesis
The reactive starting complex K[Ru(CF3C 02)3(C 0 )3] (1) was synthesized according to 
the published procedure [23]. Scheme 2 shows the preparation o f the luminescent 
ruthenium MLC Complexes o f formula [XRu(CO)(Diimine)(L2 )][PF6]. The stepwise 
carbonyl and TFA (TFA=trifluoroacetate) ligand replacement reactions were monitored 
by IR and 31P spectroscopy.
1.3.1 Synthesis o f  1,3,5-triaza-7-phosphatricyclo[3.3.1.13 7J decane (scheme-1)
The l,3,5-triaza-7-phosphatricyclo[3.3.1.1',?] decane (PTA) (Scheme-1) was synthesized 
according to the published procedure with some modifications [25]. To an open 800 mL 
beaker containing 124 g o f ice and 238 g (1.25mol) o f 
tetrakis(hydroxymethyl)phosphonium chloride, THPC (Aldrich) a solution o f 63.9 g 
NaOH (50%w/w) is slowly added while manually stirring. After the resulting clear, 
colorless solution warms to room temperature; 450 g o f formaldehyde (40% 6.25mol) is
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added. Then 140 g (l.OOmol) o f hexamethylenetetraamine is dissolved in the solution, 
which is subsequently allowed to stand overnight. The solid part is separated by filtration 
through Buchner funnel, washed with several aliquots o f cold ethanol, and filtrate is 
rotaryvaped.
The residue o f PTA is then recrystalized by dissolving the solid in hot ethanol followed 
by slow cooling to room temperature and results in the formation o f a white crystalline 
solid. This method yields 96 g with a minimum purity o f 96% (NMR). 'H NM R (D20 ): 5 
4.4 s (NCH2N) and 5 3.9 d (PCH2N). 3IP NM R (D20 ): 8 -98 (s, IP).
1.3.2 Synthesis o f  [Ru(PTA)2(CO)2(TFA)2J (2) (Scheme-2)
An ethanol solution (30mL) o f K[Ru(CF3C 0 2)3(CO)3] (1) (lOOmg, 0.18mmol) and PTA 
(59mg, 0.36mmol) was refluxed for 24h. The solvent was removed by a rotary evaporator 
and the residue was chromatographed on a neutral Alumina column. Elution with 
Acetonitrile (100%) gave two bands. The slower moving band afforded 
[Ru(PTA)2(CO)2(TFA)2] (2) 72mg ( Yield 62%), 1R (vco, K B r ) 2069s and 2009s cm’1. 
"! P {1H } NMR (acetone d6) 8 -44 (s), -47 (s), -50(s) these three peaks suggest that there 
are isomers present. WF (acetone d6) -72 .3  (s) and -72.5 (s). *H NMR (acetone d6): 8 5.6 
s (NCH2N) and 8 4.5 d (PCH2N).
1.3.3 Reaction o f  Ru(PTA)2(CO)2(TFA)2] (2) with 1,10-phenanthroline and 2 ,2 ’- 
hipyridyl
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The reaction o f 2 (lOOmg, 0.14mmole) w ith 1,10 phenanthroline (22mg, 0.14mmole) in 
toluene at 140°C for 72 h resulted in a deep brown solution. The saturated solution o f 
NH4PF6 (l.Og/lOm l) added and a dark orange colored ppt. formed. The precipitate was 
washed w ith several aliquot o f diethyl ether to remove excess NH 4PF6and dried. IR (vco, 
KBr ): 2004 s, 1653 s, 1428 s, 846 vs cm-1. 'H  N M R  (acetone dft): 5 8.6-9.9 (m 1,10 
phen), 5 4.6 s (NCFBN) and 8 4.2 d (PCFFN). 3i P{ 'H }  N M R (acetone d6) 8 -38(s, 2P), 
250 (m, IP).
The reaction o f 2 (lOOmg, 0.1 lm m ple) w ith 2.2 '-b ipyridyl (22mg, 0.11 mg) in ethylene 
glycol (15ml) at 140° C for 72 h produced an orange solution. A  light orange precipitate 
was obtained by the addition o f aqueous NH4PF6 (l.Og/lOm l). The precipitate was 
washed w ith several aliquots o f diethyl ether to remove excess NH 4PF6 and then dried. IR 
(vco, K B r ): 1993 s, 1633 s, 1448 s, 845 vs c m '1. 'H  N M R (acetone d6): 8 7.6-8.7 (m, 
2 ,2 'bipy), 8 5.1 s (NCFFN) and 8 5.3 d (PCH2N). 31P {!H } N M R  (acetone d6) 8 -42(s, 
2P), 250 (m, IP).
Scheme 1 
Step I
Ice
P(CH2OH)4CI + N a O H  -  P(CH2OH)3 + CH20  + NaCI
Step II
P(CH2OH)3 + HCHO + C6H12N4 A tdT ^ ? v_e_r2!ght PC6H12N3 + N(CH2OH)3
untill 90% dry
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Schem e 2
Ru3(C O )12 + CF3COOH + K2C 0 3
Reflux
CO
,COT F A ,(/
" > uX !  X
K+
TFA
TFA CO
ethanol
Reflux *-2
PTA
,COT F A //(
/ I XTFA
P TA C 0  
2
Toluene, Reflux 
Aq. NH4PF6
PTA
TFA,,, | y 'C 0  
, Ru
TFA i r ^ c o
ethylene glycole, Reflux 
Aq. NH4PF6
PTA
OC,,, | ,.....N
"  R u " PFf
TFA
PTA
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1.4 D ata Analysis
Figure 1.1
IR Spectra o f [(TFA)Ru(CO)(l,10 phen)(PTA)2J‘ [PF6]‘
Figure 1.2
IR Spectra of [(TFA)Ru(CO)(2,2’bipy)(PTA)2]+ [PF6]'
1.4.1 IR Data
The infrared spectra o f  the m etal bound carbonyl stretching region (vCo) provided 
im portant inform ation about the stepw ise ligand substitutions perform ed on the precursor 
1. All o f  the com plexes synthesized contain m etal-coordinated carbonyl ligands. M -CO 
shows CO  stretching m odes around 2150-1750 cm ' 1 for com pound 2 , w hich are easily 
distinguished from organic CO  frequencies. The M -CO  signals are very sensitive to the 
electronic properties o f  the o ther ligands present on the m etal. The observed changes in 
the carbonyl stretching region are due to the replacem ent o f  CO  ligands by phosphines 
and diim ine ligands, respectively. Introduction o f  electron rich ligands such as PPh-; 
(previously reported)[26], PTA decreased the energy o f  the M -CO  bands. IR (vCo) 2069s 
and 2009s cm " 1 confirm ing that they are di-carbonyl com plexes. The strong vCo at 1679 
cm ' 1 is due to the two C F 3C O O  ligands. T he com plexes 3 and 4  have only one M -CO  and 
stretch at 2004 cm ' 1 and 1995 cm ' 1 respectively.
F igure 1.3
3IP [(T FA )R u(C O )(1 .10phen)(P T A )2r  [PF6]‘
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Figure 1.4
31P o f  [(T FA )R u(C O )(2,2’bipy)(PT A )2f  [PF6]'
1.4.2 N M R  data
The 'H  and 31P N M R  spectra o f  these com plexes obtained in acetone d6 are consistent 
w ith the predicted structures. The arom atic region o f  the 'H  spectra appears for 1,10 phen 
as m ultiplet at 5 8.6-9.8 ppm  and the alkyl protons o f  PTA appears betw een 5 4.8-5.2, for 
com pound 3. T he arom atic region o f  the H spectra appears for 2 ,2 'b ipy  as m ultiplet at 8 
7 .6-9.2 ppm and the alkyl protons o f  PTA appears betw een 8 4.0-4.8 ppm . 'P  N M R 
spectra show s the m etal bound phosphine ligands. C om pound 3 and 4 show s huge shift o f  
PTA peak from -98 ppm to -42 ppm  and -38 ppm  respectively (Fig 1.3 and Fig 1.4), 
relative to external H 3 P O 4 .  The singlet peak indicates that the tw o phosphorous nuclei are
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magnetically euivalent and therefore trans to each other. The rearrangement is happening 
because of high reaction temperature.
1.4.3 Photophysical Properties of 3 and 4
The UV-Vis absorption spectra o f the synthesized complexes 3 and 4 were measured at 
room temperature in ethanol solution. The ruthenium complexes 
[(CO)LRu(dnmine)(L2)][PF6 ] have six d electrons in the three t2 orbitals, and the diimine 
ligand provides low-energy n* orbitals that upon excitation can accept an electron from 
the electron-rich metal center. Consequently, these complexes display weak absorption 
bands around 400-500 nm due to the singlet metal-to-ligand charge-transfer ('MLCT) [5]. 
The strong absorption bands below 390 nm are assigned to intra-ligand charge-transfer 
(71-71 and n-7t).
Figure 1.5
A bsorp tion  o f C om pound 3 A bso rp tio n  o f  C om p o u n d  4
i
E m issio n  o f  C o m p o u n d  3 E m issio n  o f  C o m p o u n d  4
i
I -1>3J bi
Absorption and Emission spectra
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1.4.3  Em ission Spectra
The heavy metal atom  (Ru) facilitates intersystem  crossing via spin-orbit coupling, and 
the em ission typically originates from the lowest lying triplet state ( 'M L C T ) [27]. The 
absorption and em ission spectra o f  com plexes 3  and 4 in ethanol are show n in (Fig 1.5). 
The com plex 3 A bsorption m axim a o f  com plex 3 was observed at 450 nm  and em ission 
m axim a w as at 588 nm, w here as absorption m axim a o f  com plex 4 w as observed at 460 
nm  and em ission is at 610 nm. The room  tem perature em ission spectra o f  these 
com plexes show ed red-shifted em ission, sim ilar to those o f  o ther know n Ru-M LCT 
com plexes a previously reported com pound [(TFA )R u(C O )(2,2 'bipy)(PPh3)2]* [PF6]" [26] 
containing only one phosphine ligand, did not have a detectable em ission at room 
tem perature. It is significant that for these com plexes it is necessary to have two 
phosphine ligands in order to observe em ission. This is m ore likely due to the m ore 
electron rich and m ore sym m etrical structure o f  this b is-phosphine com plexes, w hich 
could reduce distortion in the excited-state.
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T im e-reso lv ed  lu m in escen ce  d ec ay  m easu rem en ts  w ere  p erfo rm ed  by  tim e-co rre la ted  
s in g le -p h o to n  co u n tin g  (T C S P C ). T h e  data  w ere  an a ly z ed  b y  n o n -lin ear least-sq u a re  as 
d esc rib ed  in  the  ex p e rim en ta l section . T h e  ex c ite d -s ta te  life tim es o f  the  lu m in escen t 
co m p lex  co n ta in in g  p h en an th ro lin e  lig an d  (C o m p o u n d  3) has a  life tim e o f  109 ns. T he 
b ipy ridy l co m p lex  (C o m p o u n d  4) has life tim e 241 ns.
The an iso tro p y  d ec ay  o f  co m p lex es  3 an d  4 w ere  s tu d ied  in g ly cero l a t 0°C. T h e  exc ited - 
s ta te  life tim es of the lu m in escen t co m p lex  co n ta in in g  p h en a n th ro lin e  ligand  (C om pound  
3) in g ly cero l has a life tim e o f  1827 ns (F ig  1.8). T h e  lim iting  an iso tro p y , w h ich  reflec ts  
the ang le  b e tw een  th e  ab so rp tio n  and  em iss io n  tran s itio n  d ip o le  m o m en ts  in  the  ab sen ce
o f  any rotational diffusion, w as 0.062 and 0.07 respectively. These values are higher than 
that (<0.01) observed for Ru(bpy)3~+[5].
1.5 Conclusions and  F u tu re  w ork
O ur original hypothesis that the w ater-soluble PTA containing com plex w ill m ake final 
com pounds highly w ater-soluble, has been verified. The properties o f  the com pounds are 
com parable to those described by Sharm in et al [26], M LCT absorption o t these 
com pounds varies in the range o f  450-500 nm and em ission range varies betw een 588- 
610 nm. Furtherm ore, the fundam ental anisotropy value (ro) is 0.062 and 0.07 for 1,10 
phen and 2 ,2 'b ipy  com plexes respectively. The excited state life tim es o f  these 
com plexes are 109 ns and 241 ns, w hich is very close to the range o f  reported values by 
Sharm in et al [26]. H aving longer life tim e and w ater-soluble properties will enhance 
their usefulness for studying the dynam ical biom olecular processes in aqueous m edium . 
M any biological applications require a series o f  com pounds that can provide the user 
w ith a w ide range o f  properties to choose from. O ur future efforts are aim ed tow ards 
extending the range o f  properties o f  M LCs w hile retaining w ater-solubility  as one o f  the 
key features.
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C hapter 2
Design and synthesis o f DNA base selective heavy m etal com plexes
Abstract
In this chapter, the design and synthesis o f Os, Hg and Ir complexes containing functional 
groups, which show selectivity towards DNA bases are discussed. The compound 
Osi(CO)io[M3- rj2-(H C = C -C (C H 3)2 -0 0 2SCH3)] shows selectivity towards guanine over 
adenine. Fluorescein-linked osmium cluster compound which is water-soluble has been 
synthesized and discussed and is believed to be Cytosine (C-5) specific. 
Dibromofluorescein linked osminum compounds were synthesized on the basis o f 
docking experiments. Prior studies indicated that Pt(diene)ClNCh is very reactive 
towards NFP group and showed selectivity towards guanine [10]. Using this criteria, tetra 
Iridium compounds containing NHh group, Ir4(CO)g{P(CH2OH) 1} PPI12CH2CH2NH2), 
were synthesized and characterized. These compounds were characterized by IR, 'H  and 
'P NMR and mass spectroscopy. The purpose o f  the project was to label DNA and get 
the sequence data on the basis o f selectivity by the cluster compounds through electron 
microscopy (EM).
2.1 Introduction
Heavy metal complexes are capable o f base-specific labeling o f DNA and they can 
provide a tool for DNA sequencing. Current technologies for sequencing DNA generate
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very short sequences, about 30 to 150 base pairs, and latest technology can extend this to 
about 900 bp. Sequences o f  fragm ents are determ ined and further analyzed to arrive at 
the full length sequence. E lectron M icroscopy (EM ), an approach different from  currently 
used techniques, has potential to bring the reading length up to 10" base-pair range. Long 
reading length allow s detection o f  long repeating patterns in a genetic code and facilitates 
high-speed sequencing. H ence, the cost o f  D N A  sequencing can be reduced significantly 
w ith the use o f  EM. B ecause DNA has only light elem ents, it gives low contrast and is 
inherently transparent to EM . H eavy m etal (Z > 70) staining is w ell-know n to increase 
im age contrast in EM , and heavy m etal salts have long been used in EM to render nucleic 
acids visible. M etal salts stain the DNA m olecule by nonspecific interactions. Covalent 
adduct form ation betw een a DNA base and a m etal com plex is necessary for 
determ ination o f  the position o f  a specific base in a DNA m olecule. Therefore, base- 
specific heavy-m etal labeling is required for obtaining sequence data from  the im age 
taken by an electron m icroscope. The relative num ber o f  electrons that are scattered to a 
detector is approxim ately proportional to Z ' \  This suggests that a trim etallic cluster 
w ould provide a m ore useful signal than a single m etal atom  o f  the sam e elem ent. This 
research discusses the synthesis o f  trim etallic and tetram etallic com plexes, w ith base- 
specific covalent binding ability, as potential labels for DNA sequencing by EM . The 
base specificity and efficiency o f  labeling w as thoroughly exam ined.
2.2 E x p e r im en ta l  M ethods
Reactions w ere carried out under a nitrogen atm osphere, but purification w as carried out 
in air using preparative thin layer chrom atography (20x20 cm  plates coated w ith 500pm
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silica G Sorbent Technologies). A ctivated neutral alum ina -1 5 0  m esh w as also used to 
purify com pounds by colum n chrom atography. All solvents used w ere o f  reagent grade. 
Tetrahydrofuran w as distilled from  benzophenone ketyl, m ethylene chloride and 
acetonitrile were distilled from calcium  hydride. O sm ium  carbonyl w as purchased from 
Strem Chem icals. 2-m ethyl-but-3-yn-2-ol and 2-m ethyl-3-pentyn-2-ol w ere bought from 
GFS Chem icals. TM N O  (trim ethyl N -oxide), fluorescein and dibrom ofluorescein, 
m ercuric iodide and m ercuric acetate w ere bought from A ldrich Chem ical Co. N M R 
spectra w ere obtained on a V arian 400 M Hz U nity Pius and a Varian N M R  system s 500 
M Hz spectrom eter. Infrared spectra w ere obtained on a T herm o-N icolet 633 FT-IR 
spectrom eter.
Schem e-1
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1/2 h  CHj CIj.  .1
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H3C C Hj
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2.2.1 Synthesis o f  2-methyl-but-3-yn-2-methanesulfonate and O s f  CO) u f  f i3- r j'-(H C — C- 
C(CH3)2 -0 0 2SCH3)](3) (Scheme-1)
The ligand 2-methyl-but-3-yn-2 methanesulfonate (1) (Scheme-1) was synthesized by- 
reacting 2-methyl-but-3-yn-2-ol w ith methanesulfonyl chloride after deprotonating by 
Et3N. The reaction o f [Os3(CO)io(CH 3CN)2] (2) and 2-methyl-but-3-yn-2
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m ethanesulfonate 1 (schem e-1) in 1:1 m olar ratio in C H 2CI2 at room  tem perature for 20 
min, follow ed by usual chrom atographic separation as m entioned in the experim ental 
section, gives two com pounds (3) and (4). The com pound 4 form s due to the loss o f 
m ethanesulfonate and a CO group from com pound 3 and the term inal hydrogen converts 
into a bridging hydride. The reaction o f  dGTP and dA TP with m ixture o f  com pound (3) 
and (4) is also m entioned in the experim ental section.
Scheme-2
T M N O .C H jC N , C H jC Ij 
f t,  2 h
\ l / c
1/2 h  CM ,C l;, rt
° \ l / o
Os
oc —  0=2:
2.2.2 Synthesis o f  2-methyl-3-pentyn-2-methanesulfonate (5) and O s f  CO)io[fir f  
(CHjC=C-C(CH3)2 -002SCH3)J (6) (Scheme-2)
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To avoid the formation o f the side product 4, the methanesulfonate ester ligand was 
synthesized containing methyl on the terminal position instead o f hydrogen, 2-methyl-3- 
pentyn-2-methanesulfoncite (5) (Scheme-2), the reaction o f [O s3 (C O )i0(C H 3C N )2] 2 and 
2-methyl-but-3-yn-2 methanesulfonate (1) (scheme-2) in 1:1 molar ratio in CH2CI2 at 
room temperature for 20 min followed by chromatographic separation as mentioned in 
the experimental section, gives only compound 6.
25
Scheme-3
O c t a n e
R s f l u x ,  2 h
H g(O A c)2, THF
KO H (e th ).TH F
2.2.3 Synthesis o f  (/113- if -C j- t -B u ) Os f  CO) f  /.i-H g)I (7) and (/U3- rj~-C2- t-B u )O s f C O )'/f i-  
Hg)O Ac (8 ) (Scheme-3)
The synthesis o f compound 7 is mentioned in detail by Rosenberg et. al. [5] and 
compound 8 was synthesized as per the same procedure by deprotonating the bridging 
hydride (Scheme-3) by using potassium hydroxide, mercuric acetate solution was added
T M N O _________
C H j C N + C H jC I,  , R T
c h 2c i 2,
B u ty n c  L ig a n d
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drop w ise under carbon m onoxide environm ent. C om pounds 7 and 8 w ere characterized 
by IR and 'H  N M R  and m ass spectrom etry.
Schem e-4 (a)
HgOAi AcOHg
H gO A c
Scheme-4 (b)
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2.2.4 Synthesis o f  f r y  rf-C 2-t-Bu)Os3(CO) gfr-Hg)(Flu-HgOAc)(9) and fr y r f-C y t-  
Bu)Osi(CO)>)(f.i-Hg)(4,5 dibromoFlu-HgOAc)(10) (Scheme 4a & 4b)
In an attem pt to im prove the solubility o f  the m ercury based clusters and to provide a 
fluorescent label as a m eans o f  follow ing DNA labeling two com pounds 9 and 10 have 
been synthesized that have the reactive m ercury acetate group bound to fluorescein and to 
a triosm ium  cluster. The synthesis o f  C om pound 9 is accom plished by the overall 
process outlined in Schem e-4 (a). This com pound has the m ercury atom s on the same 
side o f  the ring and this w ould be expected to m ake the interaction w ith DNA less 
favorable. In order to get around this problem  an isom er 4,5 dibrom om ercurio- 
fluorescein (10) w as synthesized in w hich the m ercury atom s are on opposite sides ol the 
ring. This required starting from the 4 ,5-dibrom o-fluorescein to block m ercuration at 4,5 
positions on the fluorescein. The synthesis o f  com pound 10 is accom plished as show n-4 
(b).
Scheme-5
oc c° co 
\  I /
Os
oc CO
/
; ;  O s  —  CO
\ o
O C  O s
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o
0 C \ l >
Os
TMNO. CH3CN. rt
COOC
O s  PTAO C  O s
C OO C ' C'O
11
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2.2.5 Synthesis o f  0 s i(C 0)9(P lA )[^-rf-(H C = C -C (C H 3)2 -0 0 2SCHi)](U ) (Scheme-5)
To get the w ater soluble m ethanesulfonate triosm ium , com pound 3 w as reacted with 
TM NO (trim ethyl N -oxide) in C H 3CN to m ake labile m ononitrile and then the solution o f  
PTA (1,3,5-triaza-7-phosphatricyclo[3.3.1.13‘ ] decane) in C H 2C12 was added in 1:1 m olar 
ratio, at room  tem perature. The final com pound 11, w as characterized by IR, 'H  and 'p  
N M R. The com pound 11 w as not soluble in w ater in appreciable quantity. The PTA 
ligand is w ater soluble w ith m axim um  solubility at pH 4.
Scheme-6
T M N O .P (C H 2OH)j
TMNO P (C H 2O H )3 
C H jC N .rt
° C\  I / C°
Os
H3C.
COOC,
OsO C  Os
COOC
13
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2.2.6 Synthesis ofO s3(CO)9{(PCH2OH)3}[/u3-rf-(H C=C-C(CH 3)2 -0 0 2SCH3)] (12) and 
Os3(CO)8{(PCH2OH)3} 2[M3- 7]2-(H C ^C -C (C H 3) 2- 0 0 2SCH3)](13) (Scheme-6)
To avoid the problem  w ith the com pound 11, and to m ake the m ethanesulfonate 
triosm ium  m ore w ater soluble, the com pound 12 and 13 w ere synthesized w ith different 
phosphine (trishydroxym ethyl phosphine, TH M P). The sam e procedure used lor 
com pound 11 w as followed; the solubility  w as not as m uch as expected therefore one 
m ore CO w as substituted by the TH M P, to m ake com pound 13 (schem e-6). The 
com pound 13 was found to be highly water-soluble.
Schem e-7
F (C H 2O H )3 (3 eq v ) P =  :P (C H 2OH)
2.2 .7Synthesis o fIr4(CO)n Br (15) andIr4(CO )l (16) (Scheme-7)
In the sequel o f  m aking cluster com pounds, com pound 15 and 16 w ere synthesized. Ir 
com pounds are synthetically accessible, sufficiently stable, and im m obile in the electron 
beam  [11]. The idea v/as to synthesize N H 2 containing Ir com pound so that it can react 
w ith Pt(diene)C lN 0 3 ' , w hich is selective tow ards guanine [10]. D odecacarbonyl (14) was 
reacted to N E u B r to m ake com pound 15 (schem e-7) [8]. Iodide is a better leaving group 
and com pound 16 w as synthesized on that basis. To add an N H 2 containing ligand and 
m ake it h ighly w ater soluble, PPh2 CH 2C H 2N H 2  and P(C H 2O H ) 3  w ere added in 1:3 m olar 
ratio. The com pound w as characterized by using 1R, 'P  N M R  and m ass spectroscopy.
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2.3 Synthesis
2.3.1 Synthesis of2-m ethyl-but-3-yn-2m etlianesulfonate (schem e-1)
The synthesis w as perform ed under nitrogen. To 20ml o f  distilled C H 2CI2 , 0.97 mL 
(9.51 m m ol), 2-m ethylbut-3-yn-2-ol taken, 2.65 mL (19.021 m m ol) Et3N were added drop 
w ise at 0°C, stirred for 30 m in and then 0.81 lm L  (10.46 m m ol) m ethanesulfonyl chloride 
was added and stirred for 4h. A nalytical Silica TLC show ed slow er m oving band, fhe 
reaction m ixture w as then is extracted by w ater /CLLCL.
2.3.2 Synthesis o f  Os f  CO) u f(is- i f -  (H C =  C- C  (C  FIs )  2 - O  O2S  CH 2)]  (3)
The parent cluster O s3(C O )i2  is quite inert tow ards CO  substitution. In contrast, the 
“ light-activated” O s3(CO)io(NCM e)2 (2) is highly reactive, due to the presence o f  labile 
acetonitrile ligands [1]. A s the m atter o f  fact (2) undergoes fast reaction w ith (1) in 
CH 2CI2 after m ixing at room  tem perature for 20 min giving O s3(C O )io[p 3-p " -(H C = C - 
C (C H 3)2-002SCH3)] (3) w ith  an excellent yield (ca. 80%) (S chem e-1).
2.3.3 Synthesis o f  2-m ethyl-3-pentyn-2-m ethanesulfonate (5)
The com pound 5 w as synthesized as per the sam e procedure as com pound 1, the 
synthesis w as perform ed under nitrogen. In a oven dried 100 m L flask 20 mL o f  distilled 
C H 2CI2 w as added then 0.89 mL (8.15m m ol) 2-m ethyl-3-pentyn-2-ol w as transferred
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through syringe, 2.27 m L (16.303 m m ol) E t3N w as added drop w ise at 0 C through a 
syringe, T he reaction m ixture w as stirred for 30 min. and then 0.81 lm L  (10.46 mmol) 
m ethanesulfonyl chloride w as added and stirred for 4  h. A nalytical Silica TLC showed 
slow er m oving band. Then the reaction m ixture w as extracted by w ater /C H 2CI2 .
2.3.4 Synthesis o f  Osi (CO)lo[^-rf-(C H iC=C-C(CHi) 2 -0 0 2SCHi)] (6 )
Sam e procedure follow ed for the synthesis o f  com pound 6 (schem e-2). C om pound 2 and 
com pound 5 w ere m ixed at room  tem perature for 20 min.
2.3.5 Synthesis o f  ('/U3- rf-C 2 -t-Bu)OsfCO)9 (/u-Hg)I (7) and (jj.3 - rf-C 2 -t-Bu)Os3 (CO)fy.i- 
Hg)OAc (8 )
O s3(CO)io(CH3CN ) 2  w as synthesized as per the reported procedure [4], The yellow  
crystals were dissolved in C H 2CI2 (300 mL), and the solution w as injected w ith 3,3- 
d im ethyl-1-butyne (2.0 mL, 16.3 m m ol). A  co lor change from yellow  to orange was 
noted in a varying am ount o f  the (betw een 15s and 20 min). A nalytical thin-layer 
chrom atography( 90%  C H 2CI2 and 10% C H 3CN  as eluent) w as used to confirm  com plete 
conversion to the alkyne adduct, ( p 3-r f-H C 2 -ABu)Os3(CO)io. The solution w as rotary 
evaporated under vacuum  to dryness. The residue w as taken up in octane (600m L) and 
refluxed for 2h. A color change from orange to yellow  w as noted. The yellow  solution 
w as allow ed to cool, rotary evaporated under vacuum  to dryness, giving p 3- r f -C 2-A 
B u)(p-H )O s3(CO ) 9  (0.298g, 0.329 m m ol) for a yield o f  59.7%  based on O s3(C O )i2 [5]. 
(p-H )( p 3-r |2-C 2 -/-B u)O s3(C O ) 9  (0.291 g, 0.328 m m ol) w as added to TH F (150 m L)in a
300 mL three-neck round-bottom  flask and degassed w ith CO. A 20%  excess o f  ethanolic 
KOH (3.1 m L o f  0.126M , 0.393 m m ol) w as added dropw ise over a 2h period, a t room 
tem perature under a CO  atm osphere. The solution was allow ed to stir overnight. Infrared 
spectra o f  the reaction m ixture indicated com plete conversion to the anion. IR (THF) 
v<CO): 2072 (w), 2049 (w), 2003 (m), 1994 (m ), 1965 (s), 1939 (m ) c m '1. H gL (0.542 g, 
1.19 m m ol) in THF (15 mL) w as syringed into the anion solution and allow ed to stir 
overnight. The solution w as rotary evaporated and the extracted solution run on 
preparative TLC plates (Silica gel w ith 80%  hexanes and 20%  CH 2 CI2  as eluent). 1 he 
slow est moving o f  the two bands w as collected, giving (p 3- r f -C 2 -L B u)O s3(C O )9 (p-H g)I 
(0.232 g, 0.188 m m ol, yield o f  57.3% ). (p 3-r|2-C 2 -/-B u)O s3(C O )9 (p-H g)O A c was 
synthesized by the sam e procedure as above by using H g(O A c)2 .
2.3.6 Synthesis o f  (fj.3 - r/2 -C 2 - t -B u )O s f  C O ) f  /.i-Hg)(Flu-HgOAc) (9)
The synthesis o f  (/j3 -r]2 -C 2 -t-Bu)O s3 (C O )fju-H g)(F lu) w as followed by the sam e 
procedure as product 8 until the anion form ation. Then in oven dried 500 mL round 
bottom  flask 100 mL 0.1 M N a2C 03 solution prepared and 0.243 g (0.286 m m ol) 
fluorescein m ercuric acetate dissolved and stirred for lh . A nion solution 0.260 g 
(0.286m m ol) w as carefully transferred into a dropping funnel and added drop w ise into 
the fluorescein m ercuric acetate in the CO  environm ent. The reaction was m onitored on 
reverse phase TLC  (M ethar.e:W ater), then the solvent w as rotaryvapped and dried. The 
com pound was characterized by IR, 'H  N M R  and m ass spectrom etry.
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2 .3 .7 Synthesis o f  (fu3-/]2-C2-t-Bu)Os3(CO)g(/.i-Hg)(4,5 dibromoFlu-HgOAc) (10)
The synthetic route w as followed as per the synthesis o f  com pound (9). In  0.288 g (0.286 
mmol) dibrom ofluorescein m ercuric acetate solution, 0.260 (0.260 m m ol) o f  triosm ium  
anion added drop wise. Further process w as repeated as per the com pound 9.
2.3.8 Synthesis o f  Os fC O )9(PTA)[fx3- r f - (HC=C-C,(CH3) 2-OO2SCH3)]  (11)
To an oven dried 250 m L  flask 0.06 g (0.059 m m ole) o f  com pound 3 dissolved in 150 
mL C H 3 CN and .004 g (.059 m m ole) TM N O  w as dissolved in 50 mL C H 3 CN then added 
drop w ise through dropping funnel over a period o f  15 min. T hen solution was stirred for 
8 h. The reaction w as m onitored on silica TLC  plates (hexanes:E tO A c), on com pletion o f  
the reaction solvent w as rotavapped and com pound again dissolved in 20 mL o f  CFLCL 
and 0.008 g ( .053 m m ole) PTA dissolved in CFLCL added drop wise. Reaction was 
m onitored on reverse phase TLC (M ethanol: DCM ). O n the depletion o f  starting m aterial 
after 2 h solvent rotavapped and purity checked. The com pound w as purified on reverse 
phase preparative thin layer chrom atography.
2.3.9 Synthesis ofOs3(CO)9{(PCH2OH)3} [ ^ 3-n 2-(H C = C -C (C H 3)2 -0 0 2SCH3)](12) and  
0 s 3(C0)x{(PCH20 H )3}2[jLi3-f-(HC=C-C(CH3)2-002SCH 3)](13)
In an oven dried 100 mL flask, 40 m L CFLCL and 30 mL C H 3 C N  m ixed, then 0.182 g 
(0.177 m m ol) o f  com pound 6  added. In a dropping funnel 0.013 g (0.177 mmol) 
dissolved in 25 mL distilled C H 3 CN added into the solution drop w ise for 10 min. Then 
0.021 g (0.177 m m ol) o f  TH M P (trishyaroxy m ethylphosphine) w as added. The reaction
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was m onitored on reverse phase TLC (M ethanol: C H 2 CI2 ). A fter 2h, on depletion o f  the 
starting m aterial the solvent w as rotavapped. IR spectroscopy o f  the com pound was 
recorded. Sam e procedure repeated to m ake the second substitution o f  CO  w ith TH M P, 
on the triosm ium  cluster to m ake the com pound 13 .
2.3.10 Synthesis o f  Ir4(CO) 1 jBr(>(15) and Ir4(C O )u f') (16)
The com pound 15 was synthesized as per the reported procedure [8]. In 100 m L flask 20 
m L distilled TH F added, then 0.200 g (0.180 m m ol) o f  Ir4(CO )12 and 0.049 g (0.235 
mmol) o f  N E u B r w ere added to the solution and the solution w as refluxed for 4h. The 
reaction w as m onitored by IR spectroscopy. C om pound 16  was synthesized as per the 
sam e procedure, In 100 mL flask 20 mL distilled THF added, then 0.05 g (0.045 m m ol) 
o f  Ir4(C O )i2  and 0.015 g (0.058 m m ol) o f  NELjI w ere added to the solution and then 
reflux started for 4h. The reaction was m onitored by IR spectroscopy.
2.3.11 Ir4(CO)9{P(CH2OH)3}3(PPh2CH2CH2NH2) (17)
In an oven dried 250 m L flask 100 mL distilled TH F added, then 0.250 g (0.226 m m ol) 
Ir4(CO)12, 0.061 g (0.294 m m ol) N E t4B r added and refluxed for 4h. Then 0.051 g 
(0.226 m m ol) PPI1 2 CH 2 CH 2 N H 2  added and refluxed for lh  and then 0.084g (0.678 m m ol) 
THM P w as added and refluxed for lh . The reaction w as m onitored by IR spectroscopy. 
A fter com pletion o f  the reaction solvent evaporated and purification done on reverse
phase TLC. The change in IR spectra after adding phosphine and the 3IP N M R  confirm s 
the desire product. Com pound w as w ater-soluble.
2.4 Results and Discussion
2.4.1 Os3(CO),0[H3-t]2-(HC=C-C(CH3) 2- 0 0 2SCH3)](3) and Os3(CO),0[/u3-rf-(H C = C -  
C=CH2)(4):
The com pound 3 reacts w ith guanine a t room  tem perature and N M R  evidence indicates 
the reaction is com plete after only ~  5m inutes. Reaction w ith adenine in solution 
indicates reaction but at a m uch slow er rate. T he form ation o f  4 during the synthesis is a 
problem  as is the slow er form ation o f  the proposed structure, w hich results from slow 
loss o f  CO  on standing. W e doubt that 4 reacts w ith nucleotides but it is reported as such 
because the original experim ents w ere done w ith a m ixture o f  3 and 4.
The proposed structures o f  the guanine adduct is show n below  and the adenine adduct is 
thought to react at the sam e position in the purine ring:
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2.4.2 Os3(CO)Io[ns-rr-(CHi C=C-C(CHi)2 -0 0 2SCHi)](6):
To avoid the form ation o f  the side product, the com pound 4, the synthesis o f  ligand 
started w ith m ethyl at term inal position, starting w ith the reagent 2-m ethyl-3-pentyn-2-ol 
(GFS Chem icals) following the sam e procedure as the preparation o f  ligand 1. The 
com pound 6 was prepared as per the sam e procedure for the com pound 3. Since there is 
no term inal proton present w hich negate the chance o f  form ation o f  bridging hydride and 
subsequently the loss o f  CO.
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2.4.3 (nrTj2-C2-t-Bu)Os3(CO)9(n-Hg)I,(nrr/2-C2-t-Bu)Os3(CO)9(/u-Hg)OAc,(/u3-rf-C 2-t- 
Bu) Os3(CO)9(fu-Hg)OAc(Flu) and (u3- rf-C2-t-Bu)Os3(CO)9(/i-Hg)OAc(4,5 dibromoFlu)
M ercu ry  (II) sa lts  a re  effec tive  reag en ts  fo r the  m od ifica tion  o f  cy to sin e  an d  u rac il in 
po lynuc leo tides. M ercu ra tion  tak es  p lace  a t the  C -5 se lec tiv e ly  [5]. A  se ries o f  m ercury- 
tran sitio n  m e ta l c lu ste rs w ere  sy n th esized  in  the  lab  w h o se  so lu tion  ch em is try  para lle ls  
tha t m ercu ry  ha lide  and  ace ta te  salts. T h e  o sm iu m -m ercu ry  c lu ste rs  7 an d  8 w ere  
syn th esized  in  reasonab ly  good  y ie lds. 7 sh o w ed  on ly  s lig h t so lu b ility  in  m ethano l b u t 8 
show ed  reaso n ab le  so lu b ility  in  50%  m ethano l. C o m p o u n d  8 show ed  som e osm ium  
re ten tion  by  IC P (Induced  C o u p led  P lasm a) w hen  reacted  w ith  D N A  an d  com bed  
reasonab ly  w ell. B ind ing  n eed s to  b e  fu rth e r in v estig a ted  b y  C E  (C ap illa ry  
E lec tro p h o resis) an d  reac tio n s w ith  m o n o n u c leo tid es  n eed  to  be ex am ined  by  N M R . 
C om pu ta tional m o d e lin g  w as done fo r 7 an d  ind ica ted  a v ery  cro w d ed  en v iro n m en t on  
b ind ing  to cy tosine .
In an  a ttem p t to  im p ro v e  the so lu b ility  o f  th e  m e rc u ry  b ased  c lu ste rs  an d  to p ro v id e  a 
fluo rescen t label as a m ean s o f  fo llow ing  D N A  lab elin g , the  co m p o u n d  9 an d  10 w ere  
syn th esized  tha t h av e  the  reac tiv e  m ercu ry  ace ta te  g roup  bou n d  to fluo resce in  an d  to  a 
T rio sm ium  cluster.
In frared  an d  N M R  are  co n sis ten t w ith  the  p ro p o sed  struc tu re  bu t th e  p resen ce  o f  m ino r 
im p u rities  suggest tha t H PL C  p u rifica tio n  w o u ld  b e  b enefic ia l. T h is co m p o u n d  has no t 
b een  tested  for se lec tiv e  b in d in g  w ith  m o n o n u c leo tid es . T h is  com p o u n d  has the m ercu ry  
atom s on  the  sam e side  o f  the  rin g  an d  th is  w ou ld  b e  ex p ec ted  to  m ake  in te rac tio n  w ith  
D N A  less favorab le . In o rd e r  to  g e t a round  th is p rob lem , the  co m p o u n d  10 w as
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syn thesized  an  isom er o f  the  2 ,7  d ib ro m o m ercu rio -flu o resce in  in  w h ich  the  m ercury  
atom s are  on  opposite  sides  o f  th e  ring. T h is  req u ired  sta rting  from  th e  4 ,5 -d ib ro m o  
fluorescein  to  b lo ck  the  m ercu ra tio n  a t th ese  p ositions. 10 has a lso  n o t b een  tested  w ith  
m ononuc leo tides . T h ese  tw o  m ercu ry  d e riv a tiv es  h av e  n o t b een  in v estig a ted  o th e r  than 
d irec t reac tio n s w ith  D N A  fo llow ed  by  a ttem p ts  a t co m b in g  w h ich  w ere  ap p aren tly  
u nsuccessfu l. T h e  s ta rtin g  4.5 d ib ro m o -2 ,7  d i-ace ta to m ercu ri-flu o resce in  has been  
repo rted  to b in d  to  p o ly n u c leo tid es  (d u p lex es) w ith  a  q u en ch in g  o f  f luo rescence  [7].
2.5 N M R  S tu d ies
F igure  2 1
'H  N M R  S tud ies  o f  dG M P  in D 2Q
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Figure 2.2
!H N M R  dGM P and Comp. 3 in m ixture o f  C D 3O D  and D20  after 5 mins
The com pound 3 w as structurally characterized and the reactivity tow ards dN TPs 
was also investigated by 'H  N M R. The 'H  N M R  o f  the triosm ium  cluster in C D 3 OD 
shows characteristic signals at 8  =  4.89, 2.7, 1.77 ppm . Dale et al. [6 ] show ed that N M R 
could be a pow erful tool for studying the covalent bond form ation betw een m ercury and 
nucleotide (e.g. cytidine). NM R w as utilized to investigate the bond form ation and 
relative reactivity for the synthesized osm ium  alkyne sulfonate. The 'H  N M R spectra o f  
deoxyguanosine triphosphate (dG TP) (0.002 m m ole) in 500 pL o f  D 2 0  w as recorded. 
100 pL  o f  C D 3 OD solution o f  the triosm ium  com pound 3 (0.0028 m m ole) w as added to 
the N M R  tube containing the dG TP solution and the N M R  spectrum  recorded w ithin 5 
m inutes. The spectra show ed com plete d isappearance o f  the signal at 5 7.9 characteristic
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o f C8-H. This indicates binding o f the cluster to the N7 position. The other peaks showed 
a broadening effect due to the metal complex conjugation. The formation o f the sulphonic 
acid as a byproduct o f the alkylation reaction was observed by the appearance o f a new 
signal at 2.0 ppm. This NM R experiment was repeated for deoxyadenosine triphosphate 
(dATP), deoxycytidine triphosphate (dCTP) and thymidine triphosphate (dTTP). The 
reaction with dATP showed very slow alkylation. There were no observable changes tor 
the signal at 8.44 ppm (C8-H o f dATP) for 12 hours at room temperature. The solution 
was then incubated at 40 °C for lh r and the signal at 8.42 started to decrease while a new 
peak at 8.16 started to appear. After 20 hrs the 8.42 signal decreased less than 50% o f the 
original signal and the new peak increased significantly. The other peaks were broadened 
as observed for the dGTP. A new peak at 2.57 did appear even before the peak at 8.16 
started to appear. The NMR study with dCTP and dTTP showed no changes for two days.
2.6 Spectroscopic D ata
2.6.1 2-methyl-but-3-yn-2-methanesulfonate: 'H  NMR (THF d4): 5 1.2 (s, 6H), 2.8(s, 
3H), 4.4(s, 3H). Mass Spec [ M+ =162].
2.6.2 Os3(CO)]0[H3-r?-(H C = C -C (C H 3) 2-OO 2SCH 3)]: IR ( v c o , CH2C12 ): 2054 vs, 2000 
s, 1970 m cm- 1. 'H  NMR (CD3OD d4): 5 9.9 (s, H O ) ,  5 4.8 (s, CH3S 0 20 )  and 8 1.8 and
1.7 (s, CH2), 1.4 (s, CH3) and 1.3 (s, CH3) due to the possibility o f rotation o f bond 
between = C -C H 2.
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2.6.3 Os3(CO)l()[M3-n 2-(H C = C -C = C H 2): IR (vco, CH2C12 ): 2054 vs, 2001 s, 1969 m 
cm '1. 'H  NMR (CD3OD d4): 5 9.6(s, HC=), 6 7.6 (d =CH2) and 5 7.8 (d, =CH2) 4.2 (m, 
CH3 0 S0 2H) side product and 5 1.6 and 1.2 (s, CH3), due to the possibility o f  rotation of 
bond between = C -C H 2. ESI-Mass Spec 1012 (Mol. Mass, 1012) but MALDI result 
shows 920 [Less than by the mass o f  CH3SO3H and CO].
2.6.4 Os3(CO)I0[/j3-t]2-(CH3C = C -C (C H 3) 2 -OO 2SCH3)]: IR (vco, CH2C12 ): 2098 (vs), 
2061 (s), 2039 (s), 2021 (s), 1997 (m), 1732 (w) cm"1.
2.6.5 (fi-H)( ju3- r f  -C2-t-Bu)Os3(CO)9  : IR (vco, CH2C12): 2098 (w), 2072 (vs), 2049 (vs), 
2017 (s ) , 1974 (w) cm '1. 'H  NM R (CDC13) 8 : -23.6 (s ,l), 1.44 (s, 9).
2.6.6 (p3-Tj2-C2 -t-Bu)Os3(CO)9(/u-Hg)I: IR (vco, CH2C12): 2094 (w), 2067 (vs), 2054 (s), 
2017 (s) cm ' 1
2.6.7 (u3-rj2-C2-t-Bu)Os3(CO)^u-Hg)O Ac: IR (vc0, CH2C12): 2096 (w), 2069 (vs), 2055 
(s), 2017 (s) cm '1.
2.6.8 (n3-r f-C 2-t-Bu)Os3(CO)y(u-Hg)OAc(Flu): IR (vco, KBr): 2093 (w), 2081 (s), 2048 
(vs), 1992 (vs) cm '1. 'H  NMR (D20  and Na2C 0 3): 5 6.3-7.6 (m, Phen), 3.4 (s, OAc), 3.2 
(s, ’Bu) and 1.8 (s, OH). ESI- Mass Spec 1438 which less by the mass o f  Hg-OAc.
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2.6.9 (Hi-rf-C2-t-Bu)Os3(CO)9(fu-tlg)OAc(4,5 dibromoFlu): IR (vCo, KBr): 2094 (w), 
2079 (s), 2049 (vs), 1991 (vs), and 1960 (w) cm '1. 'H NMR (D20  and Na2C 0 3): 5 6.5-7.7 
(m, Phen), 3.4 (s, OAc), and 3.2 (s, 'Bu) and 1.7 (s, OH). ESI- Mass of cluster peak at 
1844 (Mol. Mass 1868).
2.6.10 Os3(CO)9(PTA)[n3-r]2-(CH3C=C-C(CH3)2 -0 0 2SCH3)] : IR (vco, KBr): 2042 
(w), 1995 (s), 1968 (vs) ‘H NMR (CD3OD): 6 9.2(s,HC=), 4.6-4.3 (m, NCH2N and CH3), 
3.9 (d, PCH2N), 2.8 and 2.67 (s, CH3). 3IP NMR (CD30D): 5 -6.7 (s, 1P).
2.6.11 0 s3(C 0)9{(PCH20H )3}[ju3- t]2-(HC=C-C(CH3)2-002SCH3)]: IR (vco, KBr): 
2069 (w), 2031 (s), 2009 (vs), 1991 (m), 1979 (w) cm '1 .
2.6.12 0 s3(C0)s{(PCH20H )3}2[jU3-rj2-(HC=C-C(CH3)2 -0 0 2SCH3)]: IR (vco, KBr): 
2025 (w), 1995 (s),1983 (vs), 1965 (m),1941 (w) cm '1. 'H NMR (CD3OD): 5 1.3(s, CH3) 
ppm, 1.8 (m, CH2), 2.8 and 2.9 (s, CH3), 3.7 (m, OH).
2.6.13 Ir4(CO),,Br : IR (vco, THF): 2077 (w), 2046 (vs), 2038 (s), 2004 
(vs),1838(w),1822 (w) cm '1.
2.6.14 Ir4(C O ),,I: IR (vco, THF): 2075 (w), 2044 (vs), 2038 (s), 2004 
(vs),1837(w),1822 (w) cm '1.
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2 .6.15  Ir4(CO )9{P(CH2OH)3} 3(PPI12CH2CH2NH2): 2033  (w ), 2000  (s), 1981 (v s), 1779 
(v s ) ,1652 (w ) c m '1. 31P  (C D 3O D ) 6  13.5 (d, PPI12C H 2C H 2N H 2), 34.83 (s, P C H 2O H ).
2.7 Conclusions and F u tu re  w ork
In th is  ch a p te r  an  a ttem p t has b ee n  m ade  to  d es ig n  and  syn thesis  O s, H g and  Ir 
co m p lex es con ta in in g  functional g ro u p s, w h ich  show  se lec tiv ity  to w ard s D N A  bases. T he 
com p o u n d  Osi(CO)io[(J.3- r]2-(H C = C -C (C H ?,)r0 0 2 SCHs)] show s se lec tiv ity  to w ard s 
g u an in e  o v e r  aden ine . F lu o resce in -lin k ed  o sm ium  c lu s te r com pound , w h ich  is w ater- 
so lub le , has b een  syn th esized  and  is expected  to  b e  cy to sin e  (C -5) specific . 
D ib ro m o flu o resce in -lin k ed  o sm inum  co m p o u n d s  w ere  sy n th esized  o n  the bas is  o f  
dock ing  experim en ts. U sing  th is  c rite ria , te tra  Irid ium  co m p o u n d s  con ta in in g  N H 2 g roup , 
lr4(CO )9{P(C H 2O H)3}3(PPh2CH 2C.H2N H 2) , h av e  b ee n  sy n th esized  and  characterized . 
T h e  rem ain in g  co m p o u n d s to  b e  te sted  b y  N M R  ex p e rim en t and  to  ge t the  seq u en ce  data 
by  u sing  e lec tron  m icroscopy .
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C hapter 3
“K ey Interm ediate In A strategy For Isoxazole G lutam ate A nalogues” 
Abstract
G lutam ate B inding Proteins (GBP) are essential in nerve im pulse transm ission at the 
synapse, and ligands that can selectively distinguish betw een different classes o f  
receptors and transporters have proved- and w ill continue to be useful tools in the study 
o f  neurological function and d isorders.1’" N M D  A (N -m ethyl-D -aspartic acid), A M PA((s)- 
2-am ino-3-(3-hydroxy-5-m ethyl-4-isoxazolyl)propionic acid) and K ainic acid are sub- 
type o f  glutam ate receptors (iG luRs) w hich are involved with learning and m em ory and 
are affected be aging. L igands w hich bind these receptors w ith a high degree o f  
specificity are therefore o f  therapeutic interest o f  the treatm ent o f  neurological disorders 
o f  the CNS and may serve as m olecular probes into the m echanism  o f  action for these 
recep to rs/''4
3.1 Introduction
Functionalized isoxazoles represent an extrem ely im portant class o f  com pounds in the 
synthesis o f  therapeutically relevant m olecules. A nalogues o f  ct-am ino-3-hydroxy-5- 
m ethyl-4-isoxazole propionic acid, an ionotropic glutam ate receptor agonist, are o f 
significant therapeutic interest since excitatory im balance o f  these receptors is thought to 
be the prelim inary culprit in neurological disorders including epilepsy, cerebral ischemia. 
Parkinson’s, H untington’s and A lzheim er's d iseases/
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C U U 2 H H w w * "  H
( S ) - G lu t a m i c  A c id  (S)-AMPA (S ) -A C P A
Figure 3.1. A M PA  receptor agonists. A M PA  and A CPA  are the result o f  bioisosteric 
replacem ent o f  the term inal carboxylic acid o f  G lutam ate.6
2-am ino-3-(3-carboxyl-5-m ethyl-4-isoxazolyl)propionic acid, A CPA  has been identified 
as a prom ising lead in the search for potential drug candidate due to its high efficacy and 
specificity. Recent structure activity  relationship studies indicated that the C-5 
substituted A CPA  analogues bearing a lipophilic group and heteroatom  a  to the isoxazole 
exhibit high affinity binding and efficacy to glutam ate receptors. These com pounds will 
be valuable to determ ine both the m echanism  o f  action at glutam ate receptors and how 
the A CPA  structure m ay be m odified to enhance binding affinity, subtype specificity, and 
efficacy.
Figure 3.2
a. The sequence alignment and secondary-structure assignment for GluR2 (X-helix in 
pink; |d-sheet in yellow) indicate conserved features in the binding sites o f  AMPA, 
kainate and NM DA receptors. Key side chains that bind glutamate are highlighted in 
blue, red or cyan and marked with an asterisk; black and grey boxes indicate identical and 
conserved amino acids, b, The crystal structure for the GluR6 glutamate complex shows, 
as ball-and-stick models, the Arg (R492), Glu (E707) and Thr (T659) side chains that 
bind glutamate. Dashed lines indicate hydrogen bonds with main-chain and side-chain 
atoms. Not shown are four additional solvent-mediated hydrogen bonds that connect the 
agonist molecule with the ligand-binding site. Reproduced from ref. 7 permission 
requested from Nature Publishing Group, copyright 2006.
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Figure 3.3
a
Gl
gi
Superposition o f the cavity interior in GluR2 (blue), GluR5 (green) and GluR6 (red); the 
bound ligand is glutamate plus seven water molecules shown as red spheres in the GluR5 
complex. Reproduced from ref. 7 permission requested from Nature Publishing Group, 
copyright 2006.
Our working hypothesis for selectivity arises from crystallography o f Gouaux and 
M ayer7, which indicates that the KAR (GluR5 and 6) has a wider lipophilic pocket than 
the AM PAR (GluR2).
The acetal protected aldehyde derivative (3-Isoxazolecarboxylic acid 5-methyl-4-(2- 
m ethyl-l,3-dioxolan-2-yl)-ethyl ester, is a key intermediate for C-5 substitution. 
Synthetic route we are following to get this product through bromination o f 3-
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Isoxazolecarxylic acid 5-methyl-4-(2,5,5-trimethyl-l,3-dioxan-2-yl)-ethyl ester and the 
then conversion o f Br- to OH- group.
Figure 3.4
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The key intermediate in isoxazole glutamate analogue
Utilizing rational design and asymmetric synthesis we have made an exploration into the 
synthesis o f  analogues o f AC'PA containing a-heteroatoms. A novel method for C-5 
functionalization o f  isoxazoles is reported here. This electrophilic synthon was then used 
in the nucleophilic addition o f  zinc-based reagents to generate alkyl- or aryl-substituted 
a-hydroxy isoxazoles.
In the course o f  these studies, we examined the utility o f  the Dess-M artin Periodinane 
(DMP) for oxidation o f  isoxazolyl alcohols, Furanboronic acid and chiral catalyst-1,1,2 
tnphenyl pepridinyl ethanol.
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3.2 Experim ental
Reactions were carried out under an inert atm osphere, but purification w as carried out by 
colum n chrom atography. Solvent w ere reagent grade. Tetrahydrofuran was distilled from 
benzophenone ketyl and m ethylene chloride and acetonitrile were distilled from calcium  
hydride. N M R spectra were obtained on a V arian 400 M Hz Unity Plus or a V arian NM R 
system s 500 M Hz spectrom eter. Infrared spectra w ere obtained on a therm o-N icolet 633 
FT-IR spectrometer.
The starting m aterial (3) w as prepared w ith a 2+3 cycloaddition o f  ethyl 
chloroxim idoacetate (2)8 and 2,4-pentanedione by a m odified m ethod (S chem e-1)".
Scheme 1
co2c2H5
O - N
H3C' \ ^ CO!C2Hs 
o 0
V
h 3c  c h 3
Br
O - N  
\\
C h 3 
0 '  ' O
V
H3C  c h 3
^ o 2c 2h 5
H O
O - N
Ch<^o2c 2h 5 
o '  'o  ^
V
h 3c  c h 3
O - N  R O - N
O- J L C H ^
o o  H o ^ o
VS*,
V  V
H3c  c h 3 h 3c  c h 3 R - C 4 H 3 O
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(a) N a N 0 2 (2eq), Cone. HCl(2eq), -10°C, 12hrs (b) N a(1.6eq), C 2 H 5 OH, Acetyl 
acetone(1.4eq), rt, 12hrs (c) N eopentyl glycol(1.2eq), TsOH.H2O(0.05eq), Benzene 
(d) N BS(l.O eq), A IBN (0.05eq), Benzene, reflux, 2.5hrs (e) H M PA :H 2 O (1 0 :l), 70°C, 
14hrs, (f) D ess-M artin Periodinane, CH2C12, rt, 20M ins (h) R 2 Zn, Chiral Catalyst, 
Toulene.
3.2.1 3-Isoxazolecarboxvlic acid 5-m ethvl-4-(2,5 ,5-trim ethyl-l,3-d ioxan-2-yl)-ethyl 
ester (4)
2,2 , -dim ethyl-l,3-propanediol (1.4 g, 14.3 m m ol), 2 ( 2.3 g, 11.9 m m ol), and p- 
toluenesulfonic acid m onohydrate (0.1 g, 0.6 m m ol) in benzene (175 mL) w as refluxed 
for 6 h with a D ean-Stark trap, the reaction w as then cooled to room tem perature and 
saturated N aH C O j solution was added. The m ixture w as separated, and the aqueous 
phase w as extracted w ith EtOAc. The com bined organic layers w ere w ashed w ith brine 
and dried (N a 2 S0 4). Filtration, evaporation and K ugelrohr distillation produced 4 as a 
yellow ish oil, yield 94%.
3.2.2 3-Isoxazolecarboxylic acid 5-brom om ethyl-4-(2,5,5-trim ethvl-l,3-dioxan-2-y!)- 
ethyl (5)
There are four CH 3 group present in the com pound 3. Sterically only C-5 position is the 
favorable position for brom ination but the spectroscopic data suggests brom ination at C- 
4. It is difficult to separate through colum n chrom atography because C-5 and C-4 
brom ination product m oves together. W e tried different m ethod to im prove the yield o f  
com pound 5, we got excellent result after trying reaction in dry benzene and in the 
presence o f  AIBN. In an oven dried 100 mL flask com pound 3 (1.0 g, 3.58 m m oles) and
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N B S  (0 .628 g, 3 .58  m m oles) d isso lv ed  in  25 m L  b en zen e  and A IB N  (0 .05  m m oles) 
added  and  refluxed  fo r 2 .5  h.
3.2 .3  3 -Isoxazo lecarxy lic  acid  5 -h y d ro x y -m eth y l-4 -(2 ,5 ,5 -tr im eth y l- l,3 -d io x a n -2 -v l)-  
eth y l (6)
In a 250 m L  flask  13 g o f  com p o u n d  5 taken , 45 m L  H M P A  (A ldrich ) and  LLO m ix tu re  
in  10:1 ratio  added . R eaction  m ix tu re  stirred  a t 70°C  . R eac tion  p ro g ress  w as m onito red  
on  ana ly tica l S ilica th in  layer ch rom atog raphy . U p o n  d ep le tion  o f  the sta rting  m ateria l, 
reac tion  m ix tu re  w as p o u red  in  200 m L  w a te r  an d  so lv en t ex trac ted  w ith  d ie thy l e th e r for 
four tim es. T h e  o rgan ic  p hase  w as sep area ted , w ash ed  w ith  b rin e  (25 m L ), d ried  w ith  
anhyd  N a 2 SC>4 , and  concen tra ted . P u rity  w as de te rm in ed  b y  'H  N M R  an d  the  com pounds 
pu rified  by  co lu m n  ch ro m ato g rap h y  ( h ex an es :E tO A c) on  silica  gel.
3 .2 .4  G en era l P roced u re  for th e D ess-M a rtin  O x id ation  o f  Isoxazo lv l A lco h o ls  to 
form  Isoxazo ly l A ld eh y d e (7)
T o an  o v en  d ried  ro und  b o tto m  flask  (50m L ) w as ad d ed  2.3 g (11 .5  m m ol) o f  the 
isoxozo le  a lcoho l an d  a  m agnetic  s tir  bar, u n d e r a  N 2 (g) atm osphere . A n  am o u n t o f  40 
m L  o f  fresh ly  d is tilled  CLLCL w as ad d ed  an d  the so lu tio n  stirred  un til th e  isoxazo le  
a lcoho l co m p le te ly  d isso lved . 4 .8 7  g (1 .0  equ iv ) o f  D ess-M artin  p erio d in an e  (m ad e  in our 
lab as p e r the  m o d ified  p ro ced u re  an d  m elting  p o in t u n c o rre c te d )f w ere  ad d ed  in one 
po rtion  and  th e  so lu tion  stirred  fo r 2-3 h as th e  reac tio n  p ro g ress  w as m on ito red  b y  th in  
layer ch rom atog raphy . U pon  d ep le tion  o f  th e  s ta rtin g  a lco h o l the reac tio n  w as 
co n cen tra ted  u n d er vacuum  and  d ilu ted  w ith  d ie thy l e th e r (100  m L). T h e  p erio d in an e  by 
p ro d u ct, w h ich  p rec ip ita tes  w as then  filte red  and  the d ie thy l e th e r so lu tion  co m b in ed  w ith
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25 mL sat. N aH C 03, and 25 mL o f sat. sodium sulfide in a 250 mL flask. The biphasic 
mixture was strirred vigorously for 15 min and then transferred to a separatory funnel. 
The organic phase was separated, washed with brine (25mL), dried with anhyd Na:S0 4 , 
and concentrated. Purity was determined by 'H  NMR and the compounds purihed by 
column chromatography (hexanes:EtOAc) on silica gel. Final compounds were fully 
characterized by 1H NMR, mass spectrometry.
3.2.5 The A sym m etric Addition o f  A lkyl- and A ryl- Zinc R eagent to an Isoxazolyl 
A ldehyde (8)
Nuclophilic addition o f alkyl and aryl zinc reagent to an reagents to an isoxozolyl 
aldehyde is herein reported. More traditional catalyst systems failed to give the desired 
product, or resulted in complex product mixtures. The amino alcohol (R) -2-piperridmyl- 
1,1,2- triphenyl ethanol afforded the desired product in near quantitative yields with good 
to excellent enantioselectivites. 10
Numerous methods exist for the nuclophilic addition o f alkyl and aryl groups to 
aldehydes. H’12’13
The use o f zinc-based reagents was chosen based on (1) The abundance o f chiral catalysts 
which afford the products in high yield and high enantiomeric excesses (ee's); (2) The 
availability o f a wide variety o f  alkyl and aryl substitutents on zinc (either commercially, 
or via a single synthetic step); and (3) The rate o f the uncatalyzed (racemic) reaction 
being near zero in the absence o f a catalyst, theoretically leading to very high ee's.
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Based on the synthetic route reported by Bolm and Rudolph ' to m ake PhZnEt in situ  by 
mixing 2.4 equivalents PhB (O H )2 and 7.2 eq Et2Z n a boron-to-zinc exchange takes place, 
using this m ixture to get the reduced product o f  aldehyde, the Phenyl, OH at C-5 
previously reported from our lab1 we tried to m ake furanyl derivative by using furan 2- 
boronic acid to get better selectivity for A M PA  receptor. Since furanyl, heterocyclic 
oxygen containing m olecule, and it can act as a hydrogen bond acceptor.
To an oven dried 100 m L flask was added 2.6 g (2.4 m m ol) o f  furan 2-boronic acid and 
6.5 mL (7.2 mmol) M e2Zn in 12mL toluene, follow ed by chiral catalyst 6 m ol%  and then 
isoxazolyl aldehyde added. Reaction m ixture stirred for 4.5 h as the reaction progress 
was m onitored by thin layer chrom atography. The reaction was quenched by NH4C1 (aq.) 
and solvent extracted w ith dichlorom ethane, four times. T he organic phase w as separated, 
w ashed w ith brine (25m L), dried w ith anhyd N a2S 0 4, filtered and concentrated. Purity 
w as determ ined by !H N M R  and the com pounds purified by colum n chrom atography 
(hexanes:EtO A c) on silica gel.
3.3 Spectroscopic Data
3.3.1 3-Isoxazolecarboxylic acid 5-m ethyI-4-(2,5,5-trim ethvI-l,3-dioxan-2-yl)-ethyI 
ester (4) ’H -N M R d8-TH F 5 0.66 (s, 3H , dioxC H 3a), 1.21 (s, 3H , dioxC H 3b), 1.38 (t, 3H, 
esterCH 3), 1.65 (s, 3H ,dioC H 3c), 2.47 (s, 3H, isoxC H 3), 3.36 (q ,4H ,dioxC H ?), 4.39 (q, 
2H, ester CH 2), Mol. Form ula C i4H2iN 0 5, EIM S m /z  284 [(M + l)+] .
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3.3.2 3-Isoxazo!ecarxy!ic acid 5-brom om ethyl-4-(2,5,5-trim ethyl-l,3-dioxan-2-yI)- 
ethvl (5) 'H -N M R  CDC13 8 0.66 (s, 3H, dioxC H 3a), 1.21 (s, 3H. dioxC H 3b), 1.38 (t, 3H, 
esterCH 3), 1.65 (s, 3H ,dioCH 3c), 3.36 (q,4H ,dioxC H 3), 4.39 (q, 2H , ester CH2), 4.59 (s, 
CH 2Br). M ol. Form ula C i4H2oB rN 05, EIM S m /z 360 [(M + l)+].
3.3.3 3-Isoxazolecarxviic acid 5-hydroxy-m ethyl-4-(2,5,5-trim ethyl-l,3-d ioxan-2-yl)- 
ethyl (6) 'H -N M R  CDC13 8 0.66 (s, 3H, d ioxC H 3a), 1.21 (s, 3H, dioxC H 3b), 1.38 (t, 3H, 
esterC H 3), 1.65 (s, 3H, dioC H 3c), 3.2 (t, O H ), 3.36 (q,4H, dioxC H 3), 4.39 (q, 2H, ester 
CH 2), 4.80 (d, CHoOH). M ol. Formula: C |4H2iN 0 6, EIM S m /z  302 [(M + l)+],
3.3.4 Isoxazolyl A ldehyde(7) 1 H -N M R CDC13 8 0.66 (s, 3H, dioxC H 3a), 1.21 (s, 3H, 
dioxC H 3b), 1.38 (t, 3H, esterC H 3), 1.65 (s, 3H, dioC H 3c), 3.2 (t, OH), 3.36 (q,4H, 
dioxC H 3), 4.39 (q, 2H, ester CH 2), 10.02 ( s, CH O ), M ol. Form ula: C ,4H i9N 0 6 EIM S m/z 
298 [M+],
3.3.5 The A sym m etric A ddition o f  Furan at C-5 to an Isoxazolyl A ldehyde (8) 'H- 
N M R  CDC13 8 0.66 (s, 3H, dioxC H 3a), 1.21 (s, 3H, dioxC H 3b), 1.38 (t, 3H, esterC H 3), 
1.65 (s, 3H, dioC H 3c), 3.2 (t, OH), 3.36 (q,4H, dioxC H 3), 4.39 (q, 2H, ester CH 2), 5.6 (s, 
OH), 6.1 (d, FuCH ), 6.3 (d, H), 6.6 (m, FuCH ), 7.3 (d, FuCH). M ol. Formula: C ,8H23N 0 7  
EIM S m /z  366 [(M + l)+], A ccurate M ass for CigH23N 0 7N a calc‘d 388.1372. Found: 
388.1412. 10.2 ppm.
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In summary, the amino alcohol (R )-2-piperridinyl-l,l,2- triphenyl ethanol has been used 
to add alkyl and aryl substituents to isoxazolyl aldehyde 7 to produce a -  hydroxy 
isoxozoles in good to excellent yields and hopefully the enantioselectivities based on the 
previous results. Continued advancement toward the synthesis o f  the target ACPA 
analogues is in progress and will be reported in due course.
3.4 Conclusions and Future w ork
Utilizing rational design and asymmetric synthesis, we have made an exploration into the 
synthesis o f  analogues o f ACPA containing a-heteroatoms. A novel method for C-5
59
functionalization o f isoxazoles has been explored using boronic acid derivatives for 
transmetalation, to incorporate diverse lipophilic groups having a one carbon linker. Our 
future work will focus on the synthesis o f  glutamate analogues by expanding this method, 
and evaluation o f their bioactivity and specificity at Kainate receptors.
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